Obstructive sleep apnea (OSA) is estimated to occur in 26% of adults and 2% to 7% of children.
INTRODUCTION
Obstructive sleep apnea (OSA) syndrome is characterized by repetitive episodes of either partial (hypopnea) or complete (apnea) collapse of the upper airway with associated symptoms [1] . Increased resistance (due to anatomic factors such as nasal obstruction, lymphoid tissue hypertrophy) and increased compliance (increased collapsibility during inspiration) of the upper airway are among the factors leading to obstruction during sleep [2] . These events may lead to oxyhemoglobin desaturations, carbon dioxide retention, and arousal from sleep [2, 3] . Patients with OSA most commonly complain of daytime sleepiness and fatigue. Complaints may also include snoring, choking or gasping, witnessed apneas, morning headaches, and non-restorative sleep [2, 4] .
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RISK FACTORS
Anatomy, obesity, gender, and age are all important risk factors when screening patients for OSA. Anatomically, many OSA patients often have a smaller upper airway compared to normal subjects. Deficits in maxillary and mandibular development can restrict the size of the upper airway [2, 4, 5] . An increase in the size of the soft tissues such as the tongue and lateral pharyngeal walls causes a decrease in airway circumference, thus increasing resistance [2, 4, 5] . Presence of lymphoid tissue (adenoids, tonsils) is an important anatomic finding that may increase the risk of OSA, particularly in the pediatric population [4] . A careful physical exam with attention to these factors is important when considering a diagnosis of OSA.
OSA does indeed have an intimate association with obesity. Studies have linked obesity with increased fat deposits in the lateral parapharyngeal fat pads and the tongue, which reduces the pharyngeal airway size and increases the size of the soft tissues, respectively [2, 4] . This becomes problematic because the tongue plays an important role in pharyngeal dilation, but fat deposits may inhibit muscle function as well as decrease airway size and increase collapsibility [6] .
Gender differences have also been implicated as factors in OSA. Women have smaller upper airway, neck, tongue, and soft tissue sizes than men [4] . During puberty, adolescent boys have a longer pharyngeal airway, resulting in increased airway collapsibility [7, 8] .
Aging also impacts OSA development for several reasons. Studies have reported that aging increases the risk of developing OSA due to shortening of the anterior-posterior length of the structures around the pharynx. This, in turn, may affect reflexes controlling airway patency, allowing the pharyngeal airway to become more collapsible. Furthermore, increased fat deposits around the upper airway during aging can lead to restricted air flow as seen in obesity. Moreover, whereas males show increased pharyngeal airway length early in life, females develop long pharyngeal airways and larger tongues around the time of menopause [8] .
DIAGNOSIS
While OSA remains persistently underdiagnosed, recent estimates suggest that 27% of men and 11%
of women between the ages of 30 and 70 have OSA [9] . OSA can occur at any age (2% to 7% of children) but is more common in middle and older age [2, 5] . Underdiagnosis of OSA is common, with symptoms associated with the disorder often mistakenly attributed to other neurological or psychiatric disorders [10] . It is thus important for healthcare professionals to be aware of the symptoms and treatments for OSA, as this disorder can severely diminish quality of life. The importance of accurate diagnosis is perhaps not better highlighted than with the risk of drowsy driving and motor vehicle collisions in untreated patients with OSA [11] .
In addition to salient features of the history and physical, diagnostic polysomnography is an essential tool in the diagnosis of OSA ( Index (RDI) [3] . Through these measurements, an interpretive report attempts to summarize the presence and severity of sleep apnea from the overnight recording. This report, in addition to the history and physical examination, helps the clinician to make a diagnosis of OSA. [3] . By confirming the diagnosis and initiating treatment, the clinician can address the patients' chief complaints, as well as mitigate the potential impacts of OSA on systemic disease.
OSA AND ASSOCIATED MORBIDITY: MORE THAN JUST SNORING
The growing associations between OSA and systemic diseases have broadened the rationale 
Cardiovascular Disease
An increase in cardiovascular disease is predicted by the presence of OSA. This has been suggested to be mediated by a variety of mechanisms including increased sympathetic tone [12] , endothelial dysfunction [13, 14] , and platelet aggregation [15] . As a result, referrals to sleep physicians are increasingly common from primary care providers and cardiovascular specialists hoping to better address their patients' risk factors for hypertension, stroke, and arrhythmia [16] . A dose-response association between the number of breathing events per hour on a diagnostic polysomnogram and the incidence of hypertension at four-year follow-up was demonstrated among participants in the Wisconsin Sleep Cohort Study [17] . While the odds ratios (ORs) for incident hypertension were strongest among those with an AHI of 15 events per hour or more [OR 2.89, 95%
confidence interval (CI) 1.45-5.64], there was a significant association even among those with an AHI of 0.1 to 4.9/h (OR 1.42, 95% CI 1.13-1.78) relative to subjects with an AHI of 0/hr. Cardiac arrhythmias, including atrial fibrillation, are known to be associated with the presence of OSA [18] with some evidence suggesting that the treatment of OSA may reduce the frequency of arrhythmias [19] .
Additionally, patients with OSA are at an increased risk (relative risk 2.57) of sudden cardiac death during typical sleeping hours (12:00AM-5:59AM) contrary to those without OSA who were more likely to have a fatal event in the morning hours (6:00AM-11:59AM) [20] .
Treatment of OSA with continuous positive airway pressure (CPAP) has been associated with a decreased risk of fatal and non-fatal cardiovascular events [21] .
Neurocognitive and Neuropsychiatric Dysfunction
While excessive daytime sleepiness is a cardinal daytime symptom among patients with OSA, other neurocognitive and neuropsychiatric complaints are frequently reasons for presentation to the sleep clinic. An analysis of 190 subjects with OSA demonstrated that patients often reported ''lack of energy'' or ''tiredness'' as opposed to ''sleepiness'' as their principal daytime complaint [22] . Treatment with CPAP demonstrated significant improvement in objective measurements of fatigue and energy compared to placebo-CPAP after only 3 weeks of therapy [23] .
OSA has also been associated with impairments in cognitive function, including the domains of executive function, memory, and attention [24] [25] [26] [27] . In the pediatric population, symptoms of OSA and attention deficit hyperactivity disorder overlap, and screening for sleep-disordered breathing should be considered in this population [28] .
The association between OSA and the development of dementia has also been a focus of recent attention, with one study suggesting that older women with an ODI of [15/h were at an increased risk for developing dementia (OR 2.04, 95% CI 1.10-3.78) [29] . A small study including participants with mild to moderate Alzheimer's disease who continued with CPAP use through a three-year follow-up demonstrated less cognitive decline compared to subjects who discontinued therapy [30] .
An association between OSA and depression has also been suggested in the literature.
Participants in the Wisconsin Sleep Cohort Study demonstrated a relationship between
sleep apnea severity at baseline and future risk of developing depressive symptoms [31] . A review of the National Health and Nutrition Examination Survey 2005-2008 survey data also suggests an association between survey-based indicators of OSA and depression in a sample of 11,329 adults [32] . However, the data are mixed with regard to the effects of treatment of OSA on outcomes associated with depression [33, 34] . Kawahara et al. found that CPAP treatment lessened participants' scores on the Epworth Sleepiness Scale (ESS) and the Sung self-depression scale [33] . Gagnadoux et al. reported that after 1 year of CPAP treatment, persistent depressive symptoms were not resolved by treatment but were associated with ESS score [34] . This suggests that CPAP therapy may help with depressive symptoms if it is effective in lowering the ESS score.
Pulmonary Disease
While the relationship between OSA and obstructive lung diseases such as asthma and Health study looking at the overlap between OSA and COPD reported that patients who had both airflow obstruction as well as a RDI [10/h scored higher on the ESS, had less sleep time and efficiency, and had more oxygen desaturations compared to patients with either airflow obstruction or an RDI [10 [35] .
Metabolic Dysregulation
Insulin resistance and impaired glucose metabolism have been shown to be associated with OSA, even when controlling for body mass index [36, 37] . Researchers have proposed that OSA increases stress on the body leading to the development of these conditions. Treatment of OSA has been associated with improvements in insulin resistance [38] . Patterns of fat distribution also may be driven by the presence of OSA, with one study suggesting that increased visceral fat deposition is more strongly associated with obese patients with OSA than obese controls [39] .
Ophthalmologic Disorders
Ophthalmologic disorders and the potential link to OSA has been a target of increasing focus. The bulk of the focus has targeted the potential association between OSA and the development of glaucoma, with mixed data suggesting both the presence [40, 41] and absence [42] of a significant link. One study based in France found no difference in incidence of glaucoma between participants with and without OSA [42] . However, another study based in Taiwan found that within a five-year follow-up period participants with OSA had a 1.67 hazard ratio for glaucoma compared to participants without OSA [40] .
An association between OSA and other ophthalmologic disorders, such as floppy eyelid syndrome [43, 44] , optic neuropathy [45, 46] , and papilledema [47] has also been suggested in the literature. 
TREATMENT OPTIONS

Alternatives to PAP Therapy: It Takes a Village
While PAP therapy is considered the treatment of choice for OSA, alternative therapies may be a consideration based on treatment preference and disease context [48] . Pursuing these treatment options requires a multi-disciplinary approach, involving otolaryngologists, general surgeons, orthodontists, oral and maxillofacial surgeons, dentists, and nutritionists. Maxillary expansion has been associated with cephalometric increases in nasal base and nasal cavity, thereby decreasing total airway resistance [60] . A study involving 31 children between the ages of 5 and 8 who underwent rapid maxillary expansion resulted in AHI improvement that continued through adulthood [61] (Fig. 2) . Surgically assisted rapid maxillary expansion may be a consideration in adults once the palatal suture has fused, with data suggesting a 56% reduction in AHI and significant improvement in validated measures of sleepiness after the procedure [62] .
Mandibular Advancement Devices
Oral appliances, targeting anterior advancement of the mandible, have been used as an alternative to PAP therapy for decades [63] . These custom devices, fashioned by a dentist, work by enlarging the oropharyngeal airway. These can be considered as an initial treatment for patients with mild to moderate OSA who elect to defer treatment with PAP therapy [48] . The use of Mandibular Advancement Devices (MAD) was associated with a 62.5% improvement in AHI among patients with OSA in a randomized controlled trial, with 37.5% demonstrating complete response (a treatment AHI \5/h) [64] . Another subjective sleepiness with MAD use [65] . While this may be an attractive option for patients, potential limitations such as aggravation of the temporomandibular joint, occlusal changes, tooth discomfort, and sub-optimal therapy may make this a less desirable treatment option for some patients [66] .
Weight Loss and Bariatric Surgery
Obesity has been consistently shown to be an independent (although not the solitary)
predictor of OSA. While achieving weight loss through behavioral or dietary interventions may be challenging, small reductions in weight can make a significant impact on the severity of associated OSA. In a prospective cohort of 690 subjects followed over a 4-year period, a 10% reduction in body weight was associated with a 26% decrease in AHI (a 20% reduction was associated with a 48% decrease in AHI) [67] . As a result, attention to weight reduction should be a part of the treatment discussion for overweight and obese patients with OSA. and AHI among those undergoing surgical intervention [68] . Among those undergoing bariatric surgery, 66% had remission of OSA.
Emerging Therapies for OSA: Strength in Muscles
While many of the previously discussed therapies target mechanical solutions to upper airway obstruction, attention is being directed towards emerging strategies that address underlying neuromuscular weakness that is a major component of OSA.
Myofunctional Therapy
Myofunctional therapy, utilizing a series of coordinated exercises to strengthen orofacial muscles, has been discussed in the literature as a means of targeting orthodontic issues such as malocclusion for a century [69] . [76] . The generalizability of these data remains to be seen as most studies had very stringent inclusion criteria [76] . However, this may be a reasonable option for patients who have failed alternative modalities of therapy.
CONCLUSION
The impacts of untreated OSA on systemic health cannot be understated. As the pathophysiology of OSA is further elucidated, the impacts on health will likely only become more profound. As a result, identification of patients by primary care providers and sub-specialists will be essential in managing co-morbid and associated conditions. Given the anatomic and skeletal influences on the development of OSA, recognizing the process early in childhood may allow for an opportunity to reverse this trajectory.
Pediatricians and orthodontists may have a unique role in managing this preventative strategy by identifying patients who may benefit from treatment options such as myofunctional therapy and palatal expansion that address underlying issues with jaw growth. Personalized medicine will likely play a more pivotal role in the management of patients with OSA. As treatment options expand, a ''one size fits all'' approach will no longer suffice. As such, a multi-disciplinary team will be essential to maximizing treatment efficacy for patients with OSA.
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